The model for calculating the water-mass-to-collector-area ratio (the ratio is abbreviated as MAR) was developed based on the useful energy output model of a flat-plate solar collector. The MARs were calculated by using the typical meteorological data of seven cities in Yunnan Province. The final water temperature of the water tank is assumed to be 60℃ during the calculation. The ranges of MARs have been given for seasonal or year-round running of the flat-plate solar water heating system. For convenient engineering applications, the quadratic fit equations between MARs and tilt angles have been obtained with high correlations (R 2 >0.999). Further discussions found that the optimal tilt angles and the corresponding MARs for spring, summer, autumn, winter or year-round operation of the solar water heating system are respectively in 10 ~ 15 
Introduction
Matching problem of the mass of water in the tank and collector area is one of the key problems of solar hot water system. To insure the high-efficiency operation of the solar water heating system and meet the water temperature requirement of the consumers, the different water-mass-to-collector-arearatios (the ratio is abbreviated as MAR) have been recommended in different climatic regions at home and abroad. The values of the MAR in America [1] and Greece [2] are 75 kg/m 2 . The value of MAR in Malaysia [3] is 50-70 kg/m 2 and in China [4] is less than 100 kg/m 2 . 60-100kg/m 2 are recommended in Kunming for the flat-plate solar water heating system while the daily thermal efficiency and the end water temperature in water tank are more than 0.45 and 45℃ [5] .
However, the range of the above MARs is large and is difficult to determine the values of the MAR of the solar water heating system used in different climatic regions. To solve this problem, the calculation model of the MAR of the solar water heating system has been built based the useful energy output model of the flat-plate solar collector. Previous studies have verified that the relative error of the calculated and measured values is within 10% [6] . The MARs were calculated by using the typical meteorological data of seven cities in Yunnan Province. During the discussions, the final water temperature in the tank is 60 ℃ and the azimuth angle of the solar collector is 0 o . For ease of engineering applications, the relationships between the MARs and the tilt angles have been obtained for spring, summer, autumn, winter or year-round operation of the solar water heating system. In addition, the optimal tilt angles and the corresponding MARs have been given for the optimization design of the flat-plate solar hot water system.
Mathematical model
Energy output model of the flat-plate solar collector. The hourly total solar radiation I β on the unit inclined plane can be expressed as [7] : 
where t 1 and t 2 are the beginning time and the end time. Ac is the collector area, (τα) is the transmission-absorption product, T abs and T air are the heat-absorption plate temperature and ambient air temperature. The heat loss coefficient (U Lf ) of the solar collector can be described as U Lf = U top +U bot + U edg . U top is the top heat loss coefficient [9] , U bot and U edg are the bottom and edge heat loss coefficients [10] .
Water-mass-to-collector-area ratio (MAR).
The heat consumption (Q h ) of the hot water is determined by the following formula
where M is the water mass in the tank, C p is the specific heat of water, T hot is water temperature for use and T w is the water temperature of the city water. When Q u = Q h , the energy output of the solar water heating system can meet the heat load for hot water supply. Then, the MAR can be indicated as
Due to the lack of water temperature data, the water temperature of the city water can be estimated by the empirical formulas [11, 12] 
where R h is the relative humidity and V is the wind velocity.
Calculations and discussions of MAR
The MARs have been calculated based on the typical meteorological data of seven cities (Mengzi, Lincang, Tengchong, Kunming, Chuxiong, Lijiang and Deqin) in Yunnan Province. During the simulation, the ransmission-absorption product (τα) is 0.81, the albedo of ground (ρ g ) is 0.2 and the specific heat of water (C p ) is 4.187 kJ/(kg· K). , the ranges of MARs for seasonal or year-round operation of solar water heating system are given in Table 1 . The data in Table 1 show that the ranges of the MARs for spring, summer, autumn, winter and year-round are respectively in 28~59kg/m 2 , 21~50 kg/m 2 ,30~56kg/m 2 , 32~58kg/m 2 and 30~52kg/m 2 . The ranges are lightly large and difficult to determine the effective value of MARs for the design of the solar hot water system. For convenient engineering applications, the relationships between the MARs and tilt angles have been analyzed by using the nonlinear quadratic fit method (i.e. Equation (6)). Regression coefficients (a, b and c) and correlation coefficients (R 2 ) of equation (6) are shown in Table 2 . The data in Table 2 show that the MARs and tilt angle β are highly correlated and their correlation coefficients are more than 0.999. Using equation (6) and the coefficients in Table 2 , we can quickly determine the MARs for seasonal or year-round running of the solar water heating system in Yunnan Province.     and equation (6), we can obtain the optimal tilt angle (β opt ) and corresponding MAR opt . And the vales of the β opt and MAR opt are listed in Table 3 . The calculated values of the optimal tilt angle in summer are negative and the tilt angle in this paper is 0-90 o . Therefore, the optimal tilt angles in summer are recorded as 0 o in Table 3 . The data in Table 3 show that the optimal tilt angles and the corresponding MAR opt for spring, summer, autumn, winter or year-round operation of the solar water heating system are respectively in 10~15 
Results and conclusions
The calculation model of the water-mass-to-collector-area ratio (MAR) was built based on the useful energy output model of a flat-plate solar collector. The ranges of the MARs for seasonal or year-round running of flat-plate solar water heating system have been calculated based on the typical meteorological data of seven cities in Yunnan Province.
For convenient engineering application, the relationships between the MARs and tilt angle have been conducted by using quadratic fit method. The results show that the MARs and tilt angles are highly correlated and their correlation coefficients are more than 0.999.
Further discussions show that the optimal tilt angles and the corresponding MAR opt for spring, summer, autumn, winter or year-round operation of the solar water heating system are respectively in 10~15 
